High energy cosmic rays allow probing phenomena that are inacessible to accelerators. Observation of cosmic rays, presumebly protons, with energies beyond 4 ×10
of Lorentz invariance [7, 8, 9, 10] . Indeed, as is already well known, the latter comes about as only through the violation of that spacetime symmetry one can have energy-dependent effects that suppress processes such as the resonant scattering reaction with photons of the Cosmic Microwave Background (CMB), e.g. p + γ 2.73K → ∆ 1232 , which are central in establishing the GZK cutoff. The astrophysical alternative is, as mentioned above, to identify a set of nearby sources so that the travelling time of the emitted particles is shorter than the attenuation time due to particle photoproduction on the CMB. Given the energy of the observed ultra-high energy cosmic rays (UHECRs) and the Hilla's criteria [11] on the energy, size and intensity of the magnetic field involved,
βZB(µG)L(kpc) -where E 18 is the maximum energy measured in units of 10 18 eV , β is the velocity of the shock wave relative to c and Z is the atomic number -it implies that, within a volume of radius 50 − 100 Mpc about the Earth, only neutron stars, active galactic nuclei (AGN), gamma-ray bursts (GRBs) and cluster of galaxies are feasible acceleration sites [11, 12] . This astrophysical alternative has been recently advocated in Ref. [13] , where it is further argued that the near isotropy of the arrival directions of the observed UHECRs can be attributed to extragalactical magnetic fields near the Milky Way that are strong enough to deflect and isotropise the incoming directions of UHECRs from sources within D Source 2 . Apart from the fact that observations, such as the age of the bulk of the cosmic rays in the galaxy inferred from the observed isotopic ratios Al 26 /Al 27 and Be 10 /Be 9 and the small cosmic rays densities at the Magellanic clouds, indicate that the Milk Way cannot be embedded in a ∼ µG magnetic halo/slab of the local super cluster [16] , the main argument against this proposal is the mismatch in the energy fluxes of observed UHECRs and of the potential sources. Indeed, assuming, for instance, that the energy output in UHECRs owe its origin to GRBs and is about E ∼ 10 52 erg, a ΛCDM model and that the GRB rate is proportional to the star formation, it follows that the resulting flux is, Φ ≤ 3 × 10 −3 eV cm −2 s −1 sr −1 [16] , about four orders of magnitude smaller than the observed flux of UHECRs. Similar arguments and knowledge of the AGN evolution function is sufficient to also exclude those objects.
Another astrophysical proposal suggests that relativistic jets from hypothetical GRBs in the Milk Way that do not point in our direction, accelerate UHECRs in our galactic halo [17] . No other evidence of this nearby population of GRBs is known and, from the knowledge of GRBs acquired from the recent observation of their afterglows, it has became clear that GRBs all have an identifiable host galaxy. Hence, from the flux argument discussed above, it follows that invoking a local population of GRBs means one is almost claiming a special status for our galaxy.
A further difficulty related with the astrophysical route is that studies where correlations between observed UHECRs and potential candidates were sought are, so far, inconclusive in what concerns correlations with large scale structure [18] and high redshift sources [19] . Of course, these negative results might be attributed to the small size of the available samples.
It seems, therefore, fair to conjecture that, given the abovementioned arguments, the breaking of Lorentz invariance should also be seriously considered. Lorentz invariance is one of the most fundamental symmetries of physics and is an underlying ingredient of all known physical descriptions of nature. However, more recently, there has been evidence in the context of string/M-theory that this symmetry can be spontaneously broken due to nontrivial solutions in the field theory of open strings [20] and interactions that may emerge in a scenario where our world is wrapped in a tilting 3-brane [21] . The resulting novel interactions may have striking implications at low-energy [22, 23] . Putative violations of the Lorentz invariance may also lead to the breaking of CPT symmetry [24] . Interestingly, this last possibility can be verified experimentally in neutral-meson experiments [25] , Penning-trap measurements and hydrogen-antihydrogen spectroscopy (see [26] for an updated review). The breaking of CPT symmetry also allows for an explanation of the baryon asymmetry of the Universe [27] . An extension of the Standard Model (SM) that incorporates possible violations of Lorentz and CPT symmetries was built in Ref. [28] .
The violation of these fundamental symmetries naturally raise the question of how to phenomenologically test them. Astrophysics may play an essential role in this respect as it will soon be possible to make correlated astrophysical observations involving high-energy radiation and, for instance, neutrinos which will make viable direct astrophysical tests of Lorentz invariance (see e.g. [10, 29] ) and references therein).
From the experimental point of view, the most stringent limit on the violation of Lorentz symmetry arises from measurements of the time dependence of the quadrupole splitting of nuclear Zeeman levels along Earth's orbit giving origin to the impressive limit on deviations from the Lorentz invariance, δ < 3 × 10 −22 [30] , and even more stringent bounds according to a recent assessment [31] .
Bounds on the violation of Lorentz symmetry can be also extracted from ultra-high energy cosmic rays, from which a limit on the difference of the maximum propagation velocity of different particles is obtained, e.g. for the ∆ 1232 resonance, c p − c ∆ ≡ ǫ p∆ ≃ 1.7 × 10 −25 [8] and from the search of neutrino oscillations, |ǫ| ∼ < f ew × 10 −22 [32] . These limits can be turned into bounds on parameters of the Lorentz-violating extension of the SM [10] . Actually, in the context of that extension, and also in some quantum gravity and stringy induced models (see [29, 33] ), deformations on the relativistic dispersion relation are obtained that, give origin, for certain instances, to threshold effects that allow evading the GZK cut-off [8, 10, 34, 35] , to a time delay in the arrival of signals from faraway sources carried by different particles [10] , and to bounds on the quantum gravity scale [29, 33] . As discussed in [10] , a distinct feature of the Lorentz violating extension of the SM of Ref. [28] is that it leads to a time delay in the arrival of signals carried by different particles that is energy independent, in opposition to what was expected from general arguments [10] , and has a dependence on the chirality of the particles involved.
